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(54) High strength screw 

(57) A high strength screw in which a high strength 
steel material is employed and which, by the administer- 
ing of a carburization hardening process on the surface 
thereof, has high tensile stress and shear stress, high 
surface hardness, and, particularly in tapping screws, 
good male thread formability with respect to the founda- 
tion hole of the opposing member, and very good tight- 
ening and joining properties and durability. Compatibility 
with a machine screw is provided In such a way that, 
once the tapping screw has been removed from the 
opposing member, a machine screw can be screwed 
into the male thread formed by the tapping screw. A 
screw is fonned from a material which comprises a high 
tensile steel, and a surface hardening process, in partic- 
ular a continuous quenching gas carburization process, 
is performed on, at least, the thread part to form a sur- 
face hardened layer of a depth In the range of 0.05 to 
0.3mm. 
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Description 



[0001] The present invention relates to a high strength screw such as a tapping screw, or a gib-head screw or bolt, 
which effects tightening and ioinina while forming a malfi thrpaH in » nnnr>e;ng rr.embor :r. ;v^.ic^ z fc-"dat;or. J-.ola nas 
5 bean fornned. 

[0002] Screws such as tapping screws, and notably including gib-head screws and bolts, have hitherto been used 
as tightening and joining means in a variety of fields. These tapping screws are advantageous in that, by the simple 
forming of a foundation hole In an opposing member they create their own tapping as they are screwed, and so the 
advance work required to form a male thread in a opposing member, such as in the tightening and joining using normal 

10 machine screws (bolts and nuts), is saved, and the work can be markedly reduced. 

[0003] Since a male thread must be formed in the opposing member in this way, the tapping screws must be suffi- 
ciently harder than the opposing member, and they must also possess the mechanical qualities required of a tightening 
and joining means (resistance to fatigue and resistance to Impact and so on). For this reason, conventional tapping 
screws have normally been screws formed by the component rolling of a screw material comprising low carbon struc- 

15 ture steel in which the surface thereof has been hardened by themnal processing. That Is to say, the surface of the 
thread part of the tapping screw is a high carbon martensite that has a hardness equivalent to tool steel, and the core 
part is a low carbon martensite high in toughness. It should be noted that, since bolts and screws and the like are ten- 
sion members, toughness Is lost and strength is reduced in surface hardness processing, and it is commonly recog- 
nized that this is undesirable and that a thorough firing and bating (tempering) should be performed. 

20 [0004] In addition, because conventional tapping screws form male threads in an opposing member, a large rotat- 
ing force is required and so, although the fastening forces are sacrificed to a degree, the pitch of the thread part is 
enlarged to lessen the torque necessary for rotation. On the other hand, Although S Taito screws which have the same 
thread part pitch as a machine screw ('8 Taito" is a registered trade name of the Nitto Seiko K.K) are in existence, these 
are unsuitable for application involving tightening and joining in an opposing member because of their large tension. 

25 Generally, once conventional tapping screws have been removed from an opposing member in order for repairs or the 
like to be made they are unfit for refastening. That is to say. the screw thread of a tapping screw Is subject to substantial 
damage as it is screwed in to create the tapping In a foundation hole of an opposing member, and the screw thread is 
also partly crushed by vibration and the like. 

[0005] Because of the problems of material strength, surface hardening processing problems, and problems of 

30 workability such as this, there Is no thought given to the re-tightening and joining of conventional tapping screws once 
they have been removed from tightening and joining with an opposing member, and consideration is given only to their 
workability at the time of initial tightening and joining, that is to say. to whether the male thread can be fonned with little 
torque in the foundation hole. Up to this point, a description has been given of conventional examples and their prob- 
lems taking tapping screws, which constitute a mode which has rigorous use, as an example, but the principal part of 

35 the above description holds true for general screws as well such as gib-head screws and bolts and the like. 

[0006] It is an object of the present invention, in solving the problems in light of the above-described conditions, to 
provide a high strength screw in which a high strength steel material not used in the prior art Is employed as the tapping 
screw or gib-head screw or bolt or the like, and moreover, which, by the administering of a carburization hardening proc- 
ess on the surface thereof, has high tensile stress and shear stress, and has high surface hardness, and which has, 

40 particularly, in tapping screws, good male thread formability with respect to the foundation holes of the opposing mem- 
ber, and very good tightening and joining properties and durability. A further object of the present invention is to provide 
compatibility with a machine screw in such a way that, once the tapping screw has been removed from the opposing 
member, a machine screw can be screwed into the male thread formed by the tapping screw. 
[0007] The present invention, in order to solve the above-described problems, is configured from a high strength 

45 screw formed from a screw material which comprises a high tensile steel, wherein a surface hardening process is per- 
formed on, at the least, the thread part, to form a surface hardened layer. Here, it is preferable that the abovementioned 
screw material be a type selected from carton steel, aluminium killed steel, nickel-chromium-molybdenum steel, and 
chromium-molybdenum steel in which the carbon content is not less than 0.20%. In these cases, it is preferable that 
that the abovementioned surface hardening processing is continuous quenching gas carburization processing. Further- 

50 more, it is preferable that the depth of said surface hardened layer is set within the range 0.05 to 0.3 mm by continuous 
quenching gas carburization processing. 

[0008] In addition, the present invention is a high strength screw, wherein, when a nominal diameter of the screw is 
not more than 6 mm, said screw material contains carbon in an amount In the range 0.09 to 0.13%, manganese in an 
amount in the range 1 .00 to 1 .30%, aluminium in an amount in the range 0.02 to 0.05%, and the residual, apart from a 
55 plurality of metal elements contained in minute amounts, is iron, and the depth of said surface hardened layer is set 
within the range 0.05 to 0.3 mm by a quenching gas carburization process performed at a constant temperature; and 
when a nominal diameter of the screw is 8 to 12 mm, said screw material contains carbon in an amount in the range 
0.15 to 0.18%. manganese in an amount in the range 1.00 to 1.50%, aluminium in an amount in the range 0.02 to 
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0.05%, and the residual, apart from a plurality of metal elements contained in minute amounts, is iron, and the depth of 
said surface hardened layer is set within the range 0.3 to 0.7 mm by a quenching gas caiturization process perfomned 

at a constant temperature, and the surface hardness of the thread part is a Vicl<ers hardness of 550 to 700 Hv, the hard- 

^£ A.U - ^ ; _ _ \ /; _i I _> ^ r\nn 4.^ oo o 1_J. . I _ x ; i — —a, xl- o /-i <-v -i r>r> k I .^2 r~. . _xu ^ ^ 

5 more, the present invention is a high strength screw, wherein the structure of the depth is fine-divided and the high 
strength screw is formed which has both toughness as a tension member and a surface hardness of a degree that it will 
not be subjected to damage by the opposing member. 

[0009] In addition, if the abovementioned screw is a tapping screw and the pitch of the abovementioned thread part 
is further set to a pitch which has compatibility with a machine screw, and furthermore, and it is preferable that the 
70 abovementioned tapping screw be an S Taito fomn ('S Taito" is a registered trade name of the Nitto Seiko K.K) as once 
it is removed from the opposing member after tightening and Joining, re-tightening and Joining can be effected by using 
the tapping hole fomied inltialiy, and a machine screw be used as a replacement and screwed in. 
[0010] In addition, it is preferable that metal plating be perfomned on the surface of the abovementioned surface 
hardened layer to fomn a protective covering and to increase con-osion resistance. 

15 

Figure 1 shows a representative S Taito screw as a mode of the embodiment of the tapping screw of the present 
invention, here (a), (b) and (c) show, respectively, a plane surface view, side surface view and base surface view 
thereof; 

Figure 2 is a graph which describes the relationship between time and temperature in the continuous quenching 
20 gas carburization processing of the first screw material; and 

Figure 3 is a graph which describes the relationship between time and temperature in the gas carf3urization 
processing of the second screw material. 

[001 1] Next, a more detailed description of the mode of embodiment of the present invention will be given. 

25 [0012] The high strength screw of the present invention Is formed from a screw material which comprises a high 
tensile steel in which, by the administering of a surface hardening process, in particular, continuous quenching gas car- 
burization processing on, at the least, the thread part, a surface hardened layer within the range of depth 0.05 to 0.3 
mm is formed. By doing this, a screw is formed which has high tensile stress and shear stress and has high surface 
hardness. In particular, if a tapping screw Is used, a high strength tapping screw which has good male thread formability 

30 with respect to foundation holes of the opposing member and which has very good tightening and joining properties and 
durability is fomied. 

[Screw material] 

35 [00131 A first screw material employed in the high strength screw of the present invention employs a high tensile 
steel hitherto employed in high tensile bolts, or a high carbon steel or alloy steel in which the carbon content ratio is not 
less than 0.20%. Specific examples of the screw material include a cold-heading carbon steel (steel not less than 
SWRCH 220), machine structured carbon steel (S20C, S38C, S45C), machine structured alloy steel (nickel-chromium- 
molybdenum steel (SNCM 240, SNCM 630), chromium-molybdenum steel (SCM 415, SCM 435, SCM 440), and alu- 

40 minium killed steel). Carbon steel in which the carbon content ratio is not less than 0.22% and aluminium killed steel 
which also have a carbon content ratio not less than 0.20% are particularly preferred. As a typical first screw material 
employed in the present invention, a chemical component of aluminium killed steel is shown in Table 1 below. 



[Table 1] 

Chemical coniponent of first screw material 
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[0014] In addition, if, as a second screw material employed in the present invention, a screw material is employed 
which has a carbon amount in the range 0.09 to 0. 1 8%, a manganese amount in the range 1 .00 to 1 .50% and an alu- 
minium amount In the range 0.02 to 0.05%, and in whtoh the residual, apart from a plurality of metal elements contained 
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in minute amounts, is iron, an even higtier strength screw can be manufactured by the fine-dividing of the depth struc- 
ture. More specifically, when a nominal diameter of the screw is not more than 6 mm, the material is one in which the 
amount of C contained is within the range 0.09 to 0.13%, the amount of Mn contained is adjusted to within the range 
1 .00 to 1 .30%, the amount of Al contained is within the ranae 0.02 to 0.05%. othf3r mfttfli Pipmpntc rAntoinoH in th^ rs^r. 

5 mai steel material such as Si, R S, Cu, Ni, and Cr are adjusted to minute amounts. Cu and P, In particular are made 
much less, and the amount of Mn is raised. And, when a nominal diameter of the screw is 8 to 12 mm, the material is 
one In which the amount of C contained is within the range 0.15 to 0.18%, the amount of Mn contained is adjusted to 
within the range 1 .00 to 1 .50%, the amount of Al contained is within the range 0.02 to 0.05%, other metal elements con- 
tained is same as above. A representative chemical component of this material of which a nominal diameter is not more 

f 0 than 6 mm, is shown in Table 2 below. 



[Tabla 2] 

Chemical component of second fiorew itiaterall 
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25 [Screw processing] 

[0015] The method of forming the high strength screw of the present invention is a method that has been hitherto 
well-known. That is to say, it is fonned by taking the above-described screw material as a wire rod, header-processing 
the end part of said wire rod to form a head part, and cutting to a predetermined length wherein component rolling is 
30 performed to form the thread part. 

[Representative screw mode] 

[0016] A representative screw mode of a tapping screw is shown in Figure 1 as an example of the high strength 
35 screw of the present invention. The tapping screw shown in Figure 1 , which is commonly referred to as an S Taito screw, 
has a head part 1 and thread part 2, wherein the cross section from the base part to the end point of said thread part 
2 alters from a cylindrtoal shape to a rounded 3-sided shape. Other modes of screws include a hollow set tapping screw, 
cap-screw tapping screw, and high strength tapping screw and hexagonal tapping screw. 

[0017] In these S Taito screws the contact resistance is small and a male thread can be fonned in the foundation 
40 hole with little torque because the end point of the thread part 2, which first inserts into the foundation hole of the oppos- 
ing member, forms a 3-point contact with the foundation hole. In addition, the pitch of the screw thread of the above- 
mentioned thread part 2 is set to the same pitch as those which are classified as machine screws in the screw 
component types stipulated by the JIS, and it is provided with compatibility with machine screws. However, the tapping 
screw of the present invention is not limited to the above-described screw mode and hitherto widely known tapping 
45 screws can be adopted as the screw mode. 

[Surfece hardening process] 

[0018] The surface hardening process is administered on the screw fomned in the manner described above 
50 whereby a surface hardened layer is formed, at the least, on the surface of the thread part. Here, examples of the sur- 
face hardening process include carturization processing, nitriding processing, high-frequency processing and fire 
quenching, but carburization processing Is particularly preferred. In addition, examples of carburization processing 
include carturization quenching, vacuum quenching processing and aluminium quenching processing. It is preferable 
that the depth of the surface hardened layers, that is to say, the carburization hardened layer, be set within the range 
55 0.05 to 0.3 mm when using a first screw material. When the depth of the carburization hardened layer is less than 0.05 
mm the effect of the hardening is insufficient, end at a depth greater than 0.3 mm. not only has the effect reached sat- 
uration but the core part of the screw part becomes brittle which makes it unsuitable for high tensile force joining and 
tightening. When using a second screw material, it is preferable that the depth of the surface hardened layer be set 
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within the range 0.05 to 0.3 mm when the nominal diameter is not more than 6 mm, and it be set within the range 0.3 
to 0.7 mm when the nominal diameter is 8 to 12 mm. The reason is same as above. 

[0019] This surface hardening process fundamentally constitutes thermal processing, and it is the most crucial step 
as it imparts a larqe effect to the mechanical characteri.«?trnR nf thp erwui \n «tK^r »*/crdc, chriractcricticc thzt zrz rcdp- 

5 rocal with strength and toughness must be imparted simultaneously by way of the thermal processing. 

[0020] The carburization quenching process is a process in which carton is caused to diffuse and permeate into 
the surface of steel, and is commonly l<nown as carburization processing. If carburization quenching is performed the 
surface is hardened to produce a tapping screw which comprises a surface which has resistance to wear and a core 
part which has very good toughness. Carburization usually involves the heating of the product to around 900°C 

10 whereby the reaction noted below proceeds. 

2C0 C + CO2 (Boudouard's reaction) 



C + Fe ^ (Fe-C) 

15 

[0021] Here, when a large amount of oxygen is present in the quenching furnace, the carbon component of the 
steel material forms a compound with the oxygen whereby, conversely, decarburization occurs which lessens the 

amount of carbon, so in reality, the theoretical amount of air is mixed with butane gas, an RX gas denatured by a dena- 
turing furnace is sent into the quenching furnace, and carburization is performed by a carrier gas and a small amount 
20 of enriched gas. 

[0022] IHere, in the carburization processing, from the equilibrium between the solid solution limits and permeability 
to the screw material of the carbon elements, generally the process is perfonned at a temperature of 700*'C or greater 
which constitutes the transformation point of steel. However, in a steel material which contains a high density of chro- 
mium such as a chromium-molybdenum steel, when carburization is performed at a high temperature of not less than 

25 700*'C, it is well known that themnodynamically stable chromium carbide precipitates in large amounts in the grain Inter- 
face or laminated faults. When the carbide precipitates, the amount of chromium solidified in the screw material is 
reduced whereby resistance to corrosion is lowered markedly. Furthemnore, when stored for a long time at a tempera- 
ture which exceeds the re-crystallization temperature of steel (approximately 450°C), not only is the screw material sof- 
tened which markedly lowers the strength of the core part, but the precipitated chromium carbide is made coarse so the 

30 surface hardness of the carburization hardened layer does not reach a Vickers hardness of not less than Hv 600 to 650. 
On the other hand, when the carburization temperature is set to SOO^C or less in order to prevent coarsening of the 
chromium carbide and softening of the screw material, the permeation of the carbon elements becomes difficult and a 
satisfactory hardened layer cannot be formed due to the presence of a passive oxidation film formed in the surface of 
the steel material. Accordingly, in a steel material which contains a high density of chromium such as a chromium- 

35 molybdenum steel, it is preferable that the temperature of the carburization process be set to a temperature which is 
considerably lower than SOO^'C, and more preferably a cahDurization temperature of 500^0 to 700^0. 
[0023] The carburization quenching process adopted as the surface hardening process of the first screw material 
of the present invention is a process known as continuous quenching gas carburization processing. In this continuous 
quenching gas carburization process, as shown in Figure 2, the screw Is heated to a temperature T^ and carturlzation 

40 is effected while said temperature is maintained for a set time, following which the system is cooled to a temperature T2 
and held for a set time in the state thereof, wherein it is finally cooled to a temperature T3 and held for a set time in said 
state following which it is oil quenched, in this way, the martensite amount of the screw core part can be suppressed 
and the femte amount caused to increase to increase the toughness. More specifically, when the first screw material is 
aluminium killed steel, the temperature T^ is from 810°C to 900°C, and the temperature T3 Is from 760°C to 800°C. 

45 Here, the difference between the temperature T^ and temperature T3 is set in the region of about 50°C to 100°C. In 
addition, it is preferable that the temperature T2 be set lower than the median temperature of temperature T^ and tem- 
perature T3. The time t^ depends on the diameter of the thread part but is approximately 40 minutes to 60 minutes. 
[0024] Finally, the screw in which the above-described continuous quenching gas carburization process has been 
administered is retained at a temperature of 240°C to 430°C for 40 to 60 minutes whereby tempering processing is per- 

50 formed. The surface hardness of the thread part on which this series of themrial processes has been administered has 
a Vickers hardness of 500 Hv to 600 Hv, and similarly, the hardness of the core part is 280 Hv to 350 Hv. It will be noted 
that when a tensile test (based on JtS B-1051) using a 0° to 10° wedge was carried out, there was no pulling away of 
the head when it was pulled under a standard load. In practice, when a screw having a nominal diameter of 4 mm is 
manufactured, the depth of the surface hardened layer is 0.06 to 0.08 mm and the tensile strength is 1030 to 1110 

55 N/mm^. 

[0025] In addition the carburization quenching process adopted as the surface hardening process of the second 
screw material of the present invention is a quenching gas carburization process performed at a constant temperature. 
In this gas carburization process, as shown in Figure 3, the screw is heated to a temperature T4, carburization is per- 



5 



EPl '054 170 A2 



formed for a set time (t2) while said temperature is maintained, and then oil quenching is perfomied to afford quenching. 
Practically the temperature T4 is 850 to 900'*C and the time X2 is 40 to 60 minutes. After this, the screw in which the 
above-described gas carburization process has been administered is retained at a temperature of 220'*C to 350°C for 
40 to 60 min whereby tempering processing is perfomied. The surface hardness (depth 0.09. mm) nf the throoH nart nn 

5 wnicn inis tnermal processing has been administered has a Vickers hardness of 550 Hv to 700 Hv, and, similarly, the 
hardness of the core part (D/4) is 200 Hv to 320 Hv. It will be noted that a tensile test (based on JIS B>1 051 ) using a O"" 
to 10** wedge was performed, but there was no pulling away of the head even when pulled under a standard load. In 
addition, when the nominal diameter is 6 mm and the depth of the surface hardened layer is 0.21 to 0.22 mm, the tensile 
strength until breal^age over 1 0 samples was 890 to 990 N/mm^. The samples In which the tempering process had been 

JO conducted at lower temperatures had particularly good tensile strength. In addition, an effect appeared whereby the 
mechanical characteristics were better in the simple thermal processing shown in Figure 3 pertaining to this material 
compared to the second screw material in which continuous quenching gas carburization had been administered, as 
shown in Figure 2, 

15 [Plating processing] 

[0026] There are cases, even if a surface hardened layer, and In particular, a carburization hardened layer, has 
been formed on the surface of the abovementioned screw, In which the resistance to corrosion is poor. For that reason. 
It is preferable that metal plating be performed on the surface of the surface hardened layer to form a protective cover. 

20 Examples of this metal plating include zinc plating, chromium plating, black chromium plating and nickel plating. 

[0027] Zinc plating is widely used in the rust proofing of steel, and the administering of a chromate processing 
forms a protective cover, which is better in terms of aesthetics and resistance to corrosion. Chrome plating involves zinc 
plating followed by chromate processing wherein a chrome covering is formed, and this chrome covering has good 
resistance to wear, resistance to corrosion and resistance to heat. Black chromium plating has good resistance to cor- 

25 rosion but is lacking in resistance to wear so it is suitable for the retaining of the state prior to use of the tapping screw. 
Nickel plating is considerably more stable than iron with respect to air and dampness and forms a protective covering 
that has good resistance to corrosion. These varieties of metal plating should be selected as appropriate in accordance 
with need. 

[0028] Based on the high strength screw of the present Invention as described above, a screw is formed using a 
30 first screw material comprising high tension steel, and, since a surface hardening process, in particular, continuous 
quenching gas cartsurization processing, is administered on, at the least, the thread part to form a surface hardened 
layer of depth in the range of 0.05 to 0.3 mm, a high strength tapping screw is provided which has high tensile stress 
and shear stress and has high surface hardness, and particulariy in the case of a tapping screw it has better durability 
and male thread formability with respect to the foundation holes of the opposing member and has very good tightening 
35 and joining properties, and it has hitherto unseen excellent mechanical characteristics. 

[0029] Furthermore, when the screw is manufactured by using a second screw material of which component is 
adjusted according to a range of the nominal diameter of the screw, and by adjusting the depth of the cari^urization 
hardened layer, the screw cab be made as a high strength screw, wherein the surface hardness of the thread part is a 
Vickers hardness of 550 to 700 Hv, the hardness of the core part is a Vickers hardness of 200 to 320 Hv, and the tensile 
40 strength is 800 to 1 200 N/mm^. Particularly, toughness can be improved by controlling a hardness of a core part and a 
delayed fracture resistance can be also improved. 

[0030] In addition the pitch of the abovementioned thread part is set to a pitch which is compatible with a machine 
screw, and furthermore, when the abovementioned tapping screw shape is an S Taito screw, it is provided with compat- 
ibility with a machine screw in such a way that, once the tapping screw has been removed from the opposing member, 
45 a machine screw can be screwed into the male thread formed by the tapping screw. 

Claims 

1 . A high strength screw fomied from a screw material that comprises a high tensile steel, in which a surface harden- 
50 ing processing Is performed on, at the least, the thread part to form a surface hardened layer. 

2. The high strength screw according to claim 1 , wherein said screw material Is one type selected from carbon steel, 
aluminium killed steel, nickel-chromium-molybdenum steel and chromium-molybdenum steel and has a cariDon 

content of not less than 0.20%. 

55 

3. The high strength screw according to claim 1 or 2, wherein said surface hardening processing is continuous 
quenching gas carburization processing, and the depth of said surface hardened layer is set within the range 0.05 
to 0.3 mm. 
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4. The high strength screw according to claim 1, wherein, when a nominal diameter of the screw is not more than 6 
mm, said screw material contains carbon In an amount In the range 0.09 to 0.13%, manganese In an amount In the 
range 1 .00 to 1 .30%, aluminium in an amount in the range 0.02 to 0.05%, and the residual, apart from a plurality 
of metal elements contained in minute amounts, is Iron, and the deoth of said surfanp hnrripnpH inypr ie within 

5 the range 0.05 to 0.3 mm by a quenching gas carburization process performed at a constant temperature; and 
when a nominal diameter of the screw is 8 to 1 2 mm, said screw material contains carbon in an amount in the range 
0.15 to 0.18%, manganese In an amount in the range 1.00 to 1.50%, aluminium in an amount In the range 0.02 to 
0.05%, and the residual, apart from a plurality of metal elements contained in minute amounts, is iron, and the 
depth of said surface hardened layer is set within the range 0.3 to 0.7 mm by a quenching gas carburization process 

70 performed at a constant temperature, and the surface hardness of the thread part Is a Vickers hardness of 550 to 
700 Hv, the hardness of the core part is a VIckers hardness of 200 to 320 Hv, and the tensile strength is 800 to 1200 
N/mm2. 

5. The high strength screw according to any of claims 1 to 4, wherein said screw is a tapping screw. 

15 

6. The high strength screw according to claim 5, wherein the pitch of said thread part is set to a pitch which has com- 
patibility with a machine screw. 

7. The high strength screw according to claim 5 or 6, wherein said tapping screw form is an S Taito screw ("S Taito' 
20 is a registered trade name of the Nltto Seiko K.K). 

8. The high strength screw according to any of claims 1 to 7, wherein metal plating is performed on the surface of said 
surface hardened layer to fonn a protective covering. 

25 
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Fig. 2 
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